arthroscopy are prime examples of surgery's enlarging scope. Nonpenetrating arcuate-legged clips successfully replace sutures by creating an elastomeric, flanged, nonpenetrated anastomosis with remarkable physical and biologic properties.5'6 Clips are clearly preferably to sutures for certain venous reconstructions, such as venous valves. 7 This report describes their application in the course of managing eight skull base cases.
The clips, their special appliers, and the surgical technique for their use have been extensively described in previous publications.1 -6,8 Although four different sized clips have been used (Fig. 1) , only two (the mezzo and macro) have wide clinical application. Clips consist of arcuate arms, blunted tips, interconnected by a bridge attached to a frangible tang. The tips compress without penetrating intima or mucosa when applied to everted tissue.
A perceived need to facilitate the microsurgical anastomoses of the superficial temporal arterial to middle cerebral cortical artery branches ("EC-IC bypass") for brain ischemia stimulated clip development. The initial clips (microclips) were successfully tested on rat femoral arteries and veins. 8 The problem of unambiguous loading SKULL BASE SURGERYNOLUME 3, NUMBER 4 OCTOBER 1993 _ A 47-year-old woman with an invasive leiomyosarcoma (right middle fossa, orbit, and maxilla) underwent radical tumor resection after unsuccessful tumor control with local irradiation and chemotherapy. The surgical defect included the right hemimaxilla with palate, nasal septum, right orbital contents to include orbital floor, right zygomatic body and arch, right pterygoid processes, and right pterygoid portion of the floor of the middle cranial fossa (Fig. 3) . Reconstruction was accomplished by procurement and microvascular transfer of a segmented right serratus anterior osteocutaneous free flap (Fig. 4) . The seventh rib was included for bony reconstruction. The microvascular anastomoses consisted of facial artery to thoracodorsal artery (end-to-side with 18 mezzo clips) and thoracodorsal vein to facial vein (end-to-end with 12 mezzo clips).
The right external carotid arterial system, to include the facial artery, was ectatic and atherosclerotic secondary to local irradiation. A facial artery endarterectomy provided adequate arterial blood flow, but resulted in a lumen surrounded by friable adventitia. The recipient thoracodorsal artery, vein, and common facial vein appeared normal. Despite a significant arterial and venous luminal and wall thickness mismatch, blood-tight clipped arterial and venous anastomoses were done in 20 and 8 minutes, respectively. Immediate pulsative flow was attained and reconstructed veins filled immediately (Fig. 5) . The flap remained viable with demonstrable perfusion by magnetic resonance angiography 6 months postoperative (Fig. 6 ). The patient died 20 months later of pulmonary and hepatic metastases, without evidence of skull base tumor recur- 
Comment
The cavernous sinus was purposely entered in order to resect tumor, since bleeding could be readily controlled by the application of clips after eversion of the sinus edges. Confidence in the clips' ability to control sinus bleeding guided our aggressive strategy for tumor resection from the cavernous sinus.
Case 3: Vagus Paraganglioma
A 46-year-old woman with a right vagal nerve paraganglioma adherent to hypoglossal nerve and internal carotid artery presented with dysphagia, neck pain, and transient ischemic episodes (Fig. 8) . The rostral internal carotid artery was inadvertently torn during the course of tumor removal and promptly repaired with 16 macro clips, resulting in an immediate blood-tight closure and a patent reconstruction (Figs. 9, 10 ). The tumor mass was subtotally removed from the hypoglossal nerve and internal carotid artery. The right vagus nerve was invaded by tumor and taken. Postoperatively, the patient has noted improved swallowing and has been free of recurrent transient ischemic attacks and pain for the past 2 years. She has mild hoarseness secondary to right vocal cord paralysis. Postoperative appearance of repaired orbital dura using clips and deantigenized, glutaraldehyde fixed pericardium. 12). The orbital dura was reconstituted with 10 mezzo clips and a deantigenized pericardial patch. The attenuated encephalocele sac was too fragile to suture, but could be clipped without rupture. The repair has healed without incident and there have been no subsequent episodes of sinusitis or meningitis over the past 3 years.
Comment
The problem of dural closure was solved by clipping deantigenized pericardium to the attenuated encephalocele sac. Pericardium is an excellent dural substitute. Needle (Fig. 13) . The and enables precise application. Applied clips do not obscure visualization nor do they occlude vessels to achieve hemostasis. Despite the single fire system, clips were applied at a rate of 3 per minute. A multiple firing clip application system is under current development.
Case 7: Plication of a Dissecting Aneurysm; Right Vertebral Artery A 37-year-old man bled three times within 1 month from a right vertebral artery dissecting aneurysm. Each 178 ictus led to a worsening neurologic status. Angiograms demonstrated the point of proximal arterial dissection immediately distal to the origin of the right posterior inferior cerebellar artery (PICA), with the aneurysm extending ventrally to the medulla oblongata (Figs. 14,  15 ). At surgery, focal atherosclerosis was found at the site of proximal dissection. Control of the dissection was accomplished by plicating the region of focal atherosclerosis and proximal dissection with a 1 cm wide investing pericardial band secured firmly by two macro clips. Prompt deflation of the dissection occurred and intraoperative angiography confirmed control. The patient, A 77-year-old man with progressive quadriparesis, hoarseness, and dysphagia was found to have a giant left vertebral artery aneurysm markedly deforming the pons and medulla (Fig. 16) 
This patient with compromised pontine and medullary function died from brainstem ischemia associated with "back bleeding" from the opened aneurysm. Bleeding could not be controlled by intravascular balloons, suture, or conventional aneurysm clip, but was eventually achieved by clip application of a pericardial patch. The mass of the left-sided vertebral artery aneurysm actually obscured a smaller mirror aneurysm on the right vertebral artery. The outcome of these skull base cases has been tabulated according to the recommendations of Ojemann9 (Table 1) . Clips expedited the free tissue transfer necessary for craniofacial reconstruction in case 1 and enabled the rapid repair of the cavernous sinus and proximal internal carotid artery in cases 2 and 3. The quality of dural closure in case 4 would have been severely compromised by suture. Clips were essential for reconstruction of the posterior circle of Willis in case 5, enabled the control of the dissection in case 6, and achieved hemostasis when all other modalities failed in case 8. In summary, the arcuatelegged clips have been very helpful for tissue and vascular reconstructions in anatomically confined regions and certainly accelerated the procedure.
We have found the clip to be practical for dural reconstructions, particularly in confined and attenuated circumstances, in combination with deantigenized pericardium. Watertight dural closures have been achieved. The key principle in surgical application of the clip is the ability to evert tissue, and special everting forceps facilitate this maneuver. The nonpenetrating arcuate-legged clip confers technical advantages to the surgeon engaged in skull base surgery. The clip provides the capability of improved dural reconstructions, rapid and reliable bloodtight vascular anastomoses, and the capability of controlling hemorrhage from arterial, venous, and sinus sources. 
